N MUERE ; 
: -> L; (RIKE 
Theta dependence GAL anomaly matching . (uya lanizek a 
EANA on works wrth Yata Kikuchi , 1705. 01141 P4 1708, 01162.) , | NE 


Motivation 
Q- olapen dence zm Yea, 7 Mi Ils theory | ( Gaze | reo cu SOG”). 


oe zs (Ge) + i.) (eae). Ga dAv AA | 
w em 
10 coe). 
"ez 
- — eV Efo) 
x (0) 3 E exp (- ij (G^*G) « 1.8. 3o 9 («(6,c))- e | 
Z9) & LK — periodic i O C Very a) Sor - 


Howe ven. , 2x- prriookicity of; (6) pe ver. Tricky | (Witten 41980) 
Takon lange M dnb: ASPM, b28 wy] 


2(0) = ease M(— b Uy (onte) +i & Plene) )| 


M N (8) 
> E()= wv R(Y | 
H  ) yr N 35) 
aylot mtt. x 
=" NE, + Ae + EA) ^ P | 


2K -peuoddy of EB) 'S geng C2) 


Ground -Stod sec, mae Los ubt c Load. Teades . 
E(9) = URE TE) 


Ec) 


=> How can we obtain 
Huo information from te 
com putati on of portio n fu etins ? 


ji (uS S quss: TOU oR | 

S = Sa 128 e aCe em QD) vied} 
ya pies VCG). | 

^" (N=3). 

2A |. 


y ak e 
3 cS 27 : 


Ham; to nian 


Fou-tition fumction . 
20= (eth ) 


= fer «e (- S (sdb fs a0 eom) + 248 )) 


Date Vae i2 di = UE ag = 1€ n n, (n= E- Glo) ) e2) 
2(9) s Ctrivially ) A OR. - panxeduc Puach'on . 


What «bout the ground stoke energy f 


| 


Sene la ss: cal calculations 3 
Teke 8lA »!. 
2 l a 
l(r&) + 297g + Ot) $70 
=> Q-H excited ctal OTe 070 . 
E, = | 
cac Wan (2+ 5 ) 
L>] cleer net contri bite +o wr (PH | " hio limit, 
ay attention on); to L= O ste 
We have AM states with that perturbative e ner. 
(A 
v. m ep E (9-98) ) 


a) 


MA, ksl. 2^. 
Within Ha one- instanton calcu lation / we get. 5Sest 12 
| fere" O O- -= OR v 
^to EM . 
-eH E ee | peel c.v 
(RL eM IDS) — ol genet P 
E tg 
b © x . pe “e 
Sash ig ~ MED EIS 
go Qo... _ e e "wet, =! | 
We cam dice genckze "ue mectriy py 
N-I | zri 
LOL w K 6 Y (w= eS ) 


g €" IE.» -—$ "CI HAE — Smst oo (36 S + ES ) ): (E> 
( = «e(-e (Eo RAE ?"" «^ IE 


—Sust 


One - instanton calc. is just fied Foa (^e « | f 
Hi is poss! ble be Cause of the exponentia| Sup press! OM . ( S isst ^A O (x )) 


dE o (Rc ape (f nt )) IED. 
Te, we gpieA hromel, solution for te eo enenyy ' 


E(e) = zu (28e en (SE) ) 


How do we decompose Z(G). an fell 2 


4. 
Sut 
= p Ae nS e 
pjs it ye E a Uc 
< ) c ) k-Ü E = E«(e). 
This is hot so trivial | For example , ot tha one- instanton level , 
dto). peo gene ol RO 


= 5 R -0 Ev 
Eres esae ege) = MEP om) 
No O- dependence caen be capturecl | Minimal H of instamtons is AM te a b 


Basie dea: Instead of computing z(o)- leer) , we calculate 
£ (6,0) = «(U'e oH) 
(): 


generator of the Zusy mmetry $e ot 
© 2R 
U - e! NP 


U It>= ælta > » Ul&E»?* 


e 


N 3e us 


M 

x 
Ly 
E 
V 


T 

3 
^ 
m 
VA 


Thenetsre , 
~GEL(@) iZkn 
z(o,0^) = L (et^ gs ") 


K-o 
This additionak Phase Can be Q book” kappa device fs. the. state | 
Especial, Wwe can poner ro the pro je ction +o [Ek >i 
E etu n Sf 0 Ee (0) g= Ekk) 
$ oU*g(6,0)-2(e'*" $ e ) 
n=o 


n=o 


Summis oe twisted partition Functions with a cer fain wet 


we Can show 2RN- pertodlieity of each brrancl. of, tha. growed state, 


Bede fedi, € Hooft one EL cee. Ey 


OTA Theory hes He Li shift yetay | GOS 
We introduce He vw gg field | S € backgrouns : 


2LAl1- Jar es SICUL + A Ceon) +i Le i8 (43+A)) ) 
A: UU) gx fid uath Ha constant o NA-—d$. 
ZA -an " dab 
(™ action s gat Inv. E PA Ha loea 9. trans formation 
$6 t-A, A = Atdda , "-—P 
E revue of tha AR ^ Bp feld 


_ 2Xh 
For thi 


à) 
. Sarees, QUI ) 


dẹ = JA 
contig. > we find that 
z LA | -— z: (0 2 wr) 


la order to obtain on e Ex(e) » all we bce to di; 


is 


b male A tle dynamical T 3^72^ Sell ‘ 
- GE, (o) ada. 
e v - E e" z(g9 vu 
- faa e "^ zDA1 
- = Zo. I< ee 
- SA 8t oze (-S(uteat - + AC ee ) + 5 GIA) 
+ ikA )) 


Ta Hao process 7 we Cam designa the Clon ae | leve Í A 
which corresponds to 


2 


the Projection into tle stele, wth J= en 


Employing tha knowledge oF € Hooft anomaly mectel lug > we. can show — 


f. 
Hae dggeraacy of grou h states at 9 = JC . g o, Kapustin y Kemargod ski , Sei kero, 1703, 7j 


YT, Kikuchi, 1705. 01949, 1708. 01262, 


ete. 
A+ O=, ŁR, 272M, ..- > 


S is invariant welon tle Charge Conjugation, C: $— — a l 

At O20, this is Hiriak , | 

kt GTC , He nontrivial tenm is i Slag : ENT =- — iA fag 

Th iS exponentianted , so at is inv gett. (7 EST m ij41 

hate gor 

Let uo check He invartonce of C tm CLA] 
— 

C:3—--%t@, A—- A 


Thea, we obtain . 


2CAI > 2A = 2, Cal ep (eee D JA ) 


07^. 


| ot 
The twisted partition Junction is not invactoantk wka Q des 


> fer even 4N no Solution exists, This is an © Hooft — 


This meano Hut all the enang- egon gla wust Fon 


Ntl 


> Fe ola N, we hue a Umane solution k= — > 


This merno Het tle C- iav. nergy eigenstate pari lave tle 


Speci Fre CN chase k= - M l O Han st Loran the parr 


Doing. the Same Tu «O-0, we got 
Zolo,k LA] = C o-o,k L-A ls o.c, KLAJ erp (ci ak SA). 


Tle CĈ- inv. stet okt O=0 prt (rok Ha els e k =o 
o Gru. sta ut O10 or O-X s de Thi k 
ko + kr, so Hat Í st oO ganado € The | 


= Tealize ol 
This condition te alobal inconsis tenon Level crossigg ode unA between O- O,A . © ` 


